Journal of Agroecology
Vol. 9, No. 4, Winter 2018, p. 1117-1135

v b
&QZG;’/? iy

S309LiS (ol oy &y
117-1135 . o 1396 iano; & olais 9 Al

Olgro!l g9 3 adkais s (Solanum tuberosum L.) swsjcww A5 (.11.51 oS ,.,L,

‘9.«3‘9.&.5)4

P Lo jsgama 5 sl ol
130411123 1545
1395104127 - : 13 g 6

cgos 9 My =l Lol yaiyets b adlaie > (SOlanuM tuberosum L.) uejom Mgy waldl yuss 2511396 .pp cops g b csoll

21171135 :(4)9 g5yl ooliipss

2>

SOlanuUM ) e jam 0dé 5 03953 3ySlas o5 prans a3l So5909 Jolpe o sl yuis @l Bl (g5lodunds adllae oyl 5l Gan
9 HAadCM3 ogos (53,5 Joe 9 (i i yobaie oyl (slpr 090 laduo] jadpgs,d ddlate oai] waldl s Lalpi ) (tuberosum L.
Jis 5l u—""b‘ du)'-‘")b silwan s ‘5‘)_3 NPV LY 2090 9 2060 2030 sl s, A, 9 B; AiB d%)u aw cov IPCMy
Jie by s 5,5 edlinw! DSSAT Jl3sle 5 9 SUBSTOR-POtato Juo 5l ejoumw M3y J>lpe (sjlwanss o0 g LARS-WG
DI g, o5y peans sl ST w0 3 Skt Slio ity sl (RMSES10) awlio 5,51, Jie o oLs SUBSTOR-potato
350 Slog i plod 53 &5 ol> (LS (gloind gl il Ll joeboigie® (2lsp 9 Sl Ll 53 (eejicm obS Suiglsasid (S U ) 9
oSyt 8L aalgs il Lo Jlo & s (] 3 Sos 5 285 dals )15 0xisl )3 wulBl oS o0y 13l CoU njium god g ) oy
0l e A5 (gloand IPCMy s HAACM ogec (53,5 Jao 93 1o (sl 2090 Jlo 13 5 Ag (c0yliw p3 03¢ 5 Shae alS oy i
e a3l5 51 )5 o)l 0 b duslio 3 Ag (g5l )0 e jum oLS gy iaS 5500 (g5l 50 4 G By (g9 )liw j5 0a8 5 Slae
0151 ponlBl s Lol ) yaebiigs B allale )3 (ghre e Sy oloj Sda g (B U CublS Al jo Jobo ppnizeed 392 510,08 (5 a8 S
-l a3 A 1 U1y iliseo (clogy s 4y ) Syl dyd Lialial el gl ol s o il snlys il b Loyl dy

3l o 03] waldl ks byl s 33 olS Ay sy il 381 Ao )3 g (31,5

SSeiglsd Jnle LARSWG o o3 )Slos (gjlodpmsd oLl slagy sl 2 Sls™ (SW00319

Si9de g (Saiede s Slogad p 8t L oa] il s
Made Coles 5 g 02l J15 b o |y lalS g g 45, o lalS
g o dbaald \ s SeiS bylid 4 o |y lalS 5 Slee
wal8l o Ll o oS ws,S ol (Meraetal., 2006) o)San
il alsse o 1) 83U it Ol a2y (Il ] )
ol 4 oxie (S i 0)93 5 doyd uals L g anillS lalS
93 Liulj3l & 2538 o)Ll (ppimen (Ll 398 ce LS 5 Sles
sl (Zeamays L) )b olS 5 a5 090 LialS cacly Lo dxyd

5 a0b show JSias jials 0 liwd 5l oS ons o, 8 4 10

.

CYRLY

A 3 SEb g Lo (e BB Sl p3 bl

Bl sl Olsisds £989 Qloj 9 e Ll sladbate 5 Sl
Sy g Laosly p dlisee oIl o] goa o8 ol oolisl L)
Laylys 5o s il (WoIf et al., 2010) el 4338 ¢jy9liS

5055 play o8BI (55,5l 0158l (5,588 095 skl 5 =2 5 ]
38y oD ¢ 659l 0uSiily wasl)j 04 )5 ()Lt

(Email: Z_adavi@pnu.ac.ir
DOI:10.22067/JAG.V914.53529

gt g =)


mailto:Z_adavi@pnu.ac.ir

1396 cyiamo) o olois 9 il (55,9l owlich poy as p25 1118

i 51 cllasMo Ll @ll 3blie ol 5 aglll Jlass]
ol b (Fischer et al., 1994) ssl ausls ol yon 4 (65,5liS W) g5
» ol Sodddas g Sis 3blie Ll oS epl péy e o Jl>
csole sbaingy g Clidod wlbad @ly sy Jb 55 (sl ygas
Al o dg05t0 e Bl (ol 40 a8l puss Ol 4 gy yo

o= {Triticum aestivum L.) pas8 5 sny —uoj
Mg e 53 |y e Cpyiita «)> o (Oryza sativa L.)
Caror (ol dw g A5 0 oo i g )b olie &Y oo
pgd 4y puS jlam o)lpl 13 o (Fabeiro et al., 2001) b ks
L wge (Sadr Gaen et al., 2011) col o3ls olazsl 3e 4 |,
5 Sl Jlw 53 255 LS 50 5 Ly plal 53 (05 s i
OR8] B9y 4 dag b gl Rl 3 5o, 4 g, ol Bpas
bulyd (8,5 315 o b Jpame ool jir W 40l e
1 aw ggeme (Afzali Nya, 2006) cudl il Clisl g
Oledmol bl 1392 -1393  ely; Jlo > (duej cumw S
sl o e 440 Ly g codd o 3135 1S 176005515
aibio g (Adavi, 2014) 545 o Jolod |y j9uiS o) o
0silge 5 LS 2000 51 (s S 05 o s 1ed 98
S xts 3blie o nte 31 Ko SIS )3 (522 046 5 Slas
O3y ol i Bun (Adavi, 2014) 1bb e 59 > hxes o
CoS (o) o 008 3 Slae g ((Jglgid Ay Cluogad (o)
kb lyisdn pebigh b dilaia (sl oabl eulil Lalys 536
Bg oladel Gl )3 (Gej o Mg

b9 9 dlge
8l Jao

Ot | Aebogte b adlaie > 0] orldl Lyl gy sl
(Mitchel etal., 1995 ) HIdCM3' _agac (23,5 Jio 95
4w oLl i (Stratonovitch & Semenov, 2010) IPCM4"
Olesen et al.,) SRES-A1B 5 SRES-B1 SRES-A2 (sg b
2030) (coMs 2045 b (o3Meo 2015 jloj 09> 4w s (2011
2076 5 (s>M— 2060) c>Meo 2075 b (>Meo 2046 o c3Meo

2- United Kingdom Met Office Hadley Center
3- Institute Pierre Simon Laplace

Holden et ) )San o oilgn anlllas ) .ol azily @) 5 Sles
9 HAdCM3 eges (153,85 Jdo i wlol » 30 (al., 2003
3,5 sl yd 1B b8l (sliso 2 weldl joois s i 253 L
Solanum ) —uejuw oaé 3y Shoe o —ouldl ol iz 51
oialS o gjlwans 2075 5 2055 Sloj 093 (sl (tuberosum L.
03505 I3 |y el el s bayly o imjicms 3, Shos
2 o plosl slataloil sl clals )0 45 o929 b
a0 il 58l 590 0 1y (ool SleMbl s S slalaxe
olalS soi 5 3y ol S ansles clle b g o)l
shalg oo duim p b Clllbae g cpl Jg unl 03,5 oalo
[ Koocheki et al., 2002) el aiuly 355 )5l 2929 4 oyl
o=l Gl aiees 5 culie (30l (giloJae (glagby) dxwss
43S )3 e dagi 390 pSl Jl 3 oS Cul Sl g4
balyd i sy dbe )31 oges 0935 (sl Jie caul
il s o Jse clal lp oY (slaodls g odgs o] oulil
[(Jones et al., 2003).5jlo oo wpalyd £l &Y gamo goi g 1)
adllas Cpn Dy g0 Jooly i b Jao oyl 5l eslawl (Jls ol b
Krishnan ) wib e Sbea g kalaio olido )3 maldl i il 3]
ool el b cou elyj LS ge5 o 05, (et al., 2007
WOFOST. DSSAT 5> laJis al wgdy 1l o
Reidsma et) 5,5 ;1,8 oUj,l 5,50 0,6 9 APSIM « SUCROS
oS ) yelyb (ool j olaw 5l e 5 s e ol 5 .( al., 2010
5 baoly) 4l ol oad oolat il (giluwand aolys o (SB
SilossS slr e ol 53 0ad 03 )5 4 odmy lapjilse
L ojlse 5l (B 03 b Ll (o298 s (K55 csad g 03,
(Goudriaan & Van Laar, 1994) col asle aslge JSiie
ccilpl 3 ol puss 00y Dyge pd 580 CleMbl &y Hliwd
ot 5 b e )3 0358 Slillhe plos! g3l
" St ol adlale o (65)5liS g5 St (ST
48 Sitddoy g Sutd slaesdsl . (Rahmani et al., 2016).50L
0B (SelsST sl s 4 0)ls )18 gl g5 53 5 Lo ystS
90090 (e (Jowwe Olyod 4 Cunnd a8l plos 1 iy o5

Ol yess £989 &S duwy o sy el ply )0 gyt (6 pipam]

1- General circulation model



1119 . pionjims g el s i

Jace slasgyg 1 (S plyiean 8 (S5 calps ol
Jones et al., 2003; Hoogenboom et ) wgs oo mulass bl oo
(al., 2010

. . 3 . . 2 .
i) e iy Jao 7 e yliisl g7 ol

5l ol sLaodls 5l o3liz_l L, SUBSTOR-Potato Jue
» 1392-1393 4 1391-1392 _cl); Juo ;5 oS dllos g (iinlejl
35 slao)S Gygoh pladel Gld) @ly b (9,8 4l
i plogl J1ySS dw jo Bolad JolS slacSsl il 4l onds
Jels (Lol 816 ialofl cpl )3 abliiel s g (Peily 09
3 (b5 15 5 by sl ceciqus) 15) paw dw 3 cusls &,
aw 4w ) (anj s pB)) Juld (28 )95 5 (Lol oS
03 5 nsoles 95 s der 45 L ST 5 sl i)
by g cash wwusls Slles L3g o3 oS ) (asb o
Jae omly gl 8,3 plovl alive g0 4 inlejl Jlo 95 )
ped Jluw sloodlsy 5l Jaw (oxiwwylizel (gl 5 Jol Jlo slaosls
Jolis (islojl @S il clyal (lp s bl iole]
s il 19 Loy o alold (o gy Job 4 sl s i
25133 a5y oS1,5) e Bl 25 s, (g, iy o alold g
$osd | Gnj o )] CublS gl b 85 L5 )3 (5020
395 5o .o ookl yro Lo 55 535 Jbay B LM ¢,k
Dliuu)LO)T o9l g wLa)T J?u.: S ).Jlj wlwl 2 U_Q).Aa.a
Jie s Sland 50 2,558 100 5 1S 15 05l 55k 350 o
s 9 CedlS Hlej )0 (Bas 368l e 03,8 wdlsl SB o
3o bl gl a3 alsl S 4y (a8 0y9 > K0
h Spgmods 5 LS gy cin p sdn lacs)ll g cuslS
Leaf ol )l gf).g G‘aw ua>l.«) d).:fo)'l.lil dl).g A.,d)f OHgo
Bl el (Byume Ol woxs . odlazul Licor Jue Area Meter
(0295 w8y y2 by 0)9> Jobo g b ST g Al duy )]
3 eesSayio,ln 16 9 14 12 sgus s gar wypd g poyoke
Cand b Cogh duo 5y ale pag iy Juad Job )0 g LS
285 ol

1- Genetic Coefficients
2- Calibration
3- Validation

3 Lo 0,93 .5 odliul (6o 2090) (o5Muo 2105 b (¢5Mes
2012 JLu) cooden 2012 U5 so5n 1988 Lo j) o o
03> ¢ loj 0y90 & 1> Cuwl D 4y piY b a8 )T a5 5 ((e0Mee
ol bl 80 3 0y90 ya (sly S diges Jlo S ol sl
ool el ol auns (gl piorod .05 ool el 0dd 0ol
byl (g5lwdnds A 0latwl LARS-WG Juo jl diljsy & yguody
(Adavi, 2014) (oglsl asdllan o )] gl g jlicl pni g (ol

ol 005 uo)ljf

ouldiul 0y 90 ALK Juo

(sn) G 903 9 D) BliBee o yiel)ly (gilwand jolate &
-py 5 odd awi Jae 16 5 S 45 SUBSTOR-Potato Juw I
Jae .(Jones et al., 2003) 13,5 o3lizul cxib o DSSAT ;3|
g Wi Seelod (o glade DSSAT ;3 59290 (sl
2 LnJice ol siloss ol oS Su5lsnsud slocllad ol
e e bulps g «SB( olon g Ol bylps I clodgame
o=, .(Goudriaan & Van Laar, 1994) b o |,»| LB
Jace il oas 0oLzl DSSAT 5813 415 ascus | s
5 ol cwwisls (15 by il olwands ¢l SUBSTOR-Potato
2 oo 3, Slos 5 90i By 2 (g 5 SB Cugh) doa
ol ors shb lie polic 5 Ol codgaze 5 Juwilsy balys
63 il ol 3 &8 A8l o Sl Jbo Ky oo )
sl UL 6 5amels b )3 ot 4 5 >l FORTRANT77
Jols Jae opl (sl s34,9 .( Hodges & Ritchie, 1991) ol
5 SB Sluogad 5 g5 ol SN ae)fo 13 2 pdo Slles
#5155 S o ) e sl il (o 5 o e
clsie g (S pbols g cush) i Jold udlS Gos
oSy olass Jols 55 08y (sl 5l 390 (sl yzelyly asly o il
bl (S9ilgd Jolpe g (Sl 3L

@lis) gles Sl g PBlis cgandyes (b slayally
039 (e g (el bl gl &l (S0 g 2L ey
rolis e ST anlo g (1 (o) 22> (S (5l o gatre
Sl S Cagby (lise g (S3ye dhall slieyze Cud)bs (S
o) o aliseo s8] Jao ol 55l 5l 3)50 S slaosly
g M lae (olaygS Sy 4 (Sglite oSy b



1396 cyiamo) & oleis 9 alar o5)0lcs ol pos 4 yi5 1120

02 Ui slaodld g 39 (glo3,2uS g 4B lus liylejl 4 5L TC
0y S ool gobj sllas 5 il yelles a3 pB,) plw
4 ol Galys & aB) Sl a9 ol Al sl il
o8yl g 0003 ol cudly 39 38l 50 g kel Cund
P AS ey eS8 eolil 3y90 (i il b jSde
oSy Bl an g Jue colpd o Gan Jie (xily iso
Ly ysSie cupo 93 Ot culply addlyee (gilodnd (sllas
g 00 (gjlwdnd (glaodld oy lad oy eS B podly ol ol
oy 0] comas adlbe 3y50 Slis (gl odd (g pSojlil
2 Jae p eolatwl 350 calisee pBB )l gly oslaiwl 550 (S5

ol oad @l 1 Jgis

i yidn 45 Gy y Gy (Sf calpo Joo (oxivly jslaieny

ey 9 (39) 0 @perie p @y yaBls) Sy e goi sy
sboosly jloliul b sl (o (jg) 0> @pesie » p)5) 048 A3
ol g9pd i iay TC g Py Jold & o) o pB8)) (S5
e 29) oy e gy (32l 9) Sy b oo
y50 Ol &S Jiao 4 colps pl polie puss b idgy (35
U cuils oSy o (a3l jlads oy il 3 Slas (6505101
ol ord (gilwded 3l L (59)) (Swsy B cudlS 5 (59)) (25
1,5 39l il anly |y s 568 Jae bwg Sliw

9 P2 oy 93 o3yl Candts gl &S pl 4 ang b 50 @)l

o0 ot Sy JAo 4D oo jionr 03] 3 yg0 Alito o8 )| SUj clps -1 Jous
Table 1- Genetic coefficients of used potato varieties in the potato growth model
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P, ;TC .G, and G3: tuber initiation sensitivity to long photoperiods (no unit), critical temperature for tuber initiation (°C), leaf area
expansion rate (cm%m2.d) and tuber growth rate (g.m >.d), respectively.
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Fig. 1- Comparison of the 1:1 line and the fitted regression line between the measured and predicted values for potato tuber
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Fig. 2- Comparison of the 1:1 line and the fitted regression line between the measured and predicted values for maximum leaf
area index
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Fig. 4- Comparison of the 1:1 line and the fitted regression line between the measured and predicted values for days to
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Table 3- Simulation of tuber yield, maximum leaf area index, days to anthesis (DTA) and days to maturity (DTM) of
Agriya variety based on the prediction of two general circulation model (GCM) HadCM3; and IPCM, under A;B, B, and
A, scenarios in Feridonshahr region of Isfahan

oadliSle U g, b 59, o) 0af 2, Soe
090E 93,5 Joe 925l Target yielddaa Jlw Sy g P S St T();&*’ ?ald
GCM Scenario Max LAI DTA DTM ”(t‘i]raﬂf
Base period 4L, oy 4.57 65 137 29.15
- 2030 3.87 62 133 24.18
AB 2060 3.76 60 129 23.44
2090 3.74 59 127 23.23
2030 3.76 60 129 23.44
HadCM, A 2060 3.64 60 129 22.52
2090 3.44 58 125 21.13
2030 411 60 129 25.88
B: 2060 4.03 61 131 25.32
2090 3.91 61 131 24.48
2030 3.79 62 133 23.61
AB 2060 3.75 59 127 23.34
2090 3.71 59 127 23.06
2030 3.73 60 129 23.19
IPCM, A, 2060 3.57 58 125 22.09
2090 3.31 57 123 20.24
2030 4.05 63 135 25.48
B, 2060 3.95 62 133 24.77
2090 3.83 61 131 23.93

5 wlie gl 5l Joleio oslizul ST IAIB, Slen aw 3 slaml g o buse Sb slaggs il 1 oslizal 1 1T 1By lag)l is o (ol ailate cogn p uSTIA *
*A,: Demonstrating and preserving regional identity, B,: Emphasis on the use of clean environments and economies globally, A;B:
Emphasizing the balanced use of a variety of energy sources.
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Fig. 5- Decrease percentage of maximum leaf area index in the future climate change conditions compared to the base period
(1988-2012) under different scenarios in general circulation model HadCMj,
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Fig. 6- Decrease percentage of maximum leaf area index in the future climate change conditions compared to the base period
(1988-2012) under different scenarios in general circulation model IPCM,
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Fig. 7- Decrease percentage of days to anthesis in the future climate change conditions compared to the base period (1988-
2012) under different scenarios in general circulation model HadCM3;
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Fig. 8- Decrease percentage of days to anthesis in the future climate change conditions compared to the base period (1988-
2012) under different scenarios in general circulation model IPCM,
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Fig. 9- Decrease percentage of days to maturity in the future climate change conditions compared to the base period (1988-

2012) under different scenarios in general circulation model HadCM3;
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Fig. 11- Decrease percentage of potato tuber yield in the future climate change conditions compared to the base period (1988-
2012) under different scenarios in general circulation model HadCM3
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Fig. 12- Decrease percentage of potato tuber yield in the future climate change conditions compared to the base period (1988-
2012) under different scenarios in general circulation model IPCM,
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Introduction

The historical trend of Iran annual average temperature of shows a 0.05 °C.year™ increase which indicates
that future emissions of greenhouse gases will continue to increase temperature and consequently cause to
climatic change in the country. This change in environment will have a serious impact on different growth and
development processes of crops. Increasing temperature could affect physiological processes like photosynthesis,
respiration and partitioning of photo-assimilates. The negative impacts of climate change on potato production
are reported in the literature. The present study was conducted to quantify the potential impacts of climate
change on phenology, growth and tuber yield of potato.

Materials and Methods

The climate projections of Hadley Centre Coupled Model version 3 (HadCM3), France and Institute of Pierre
Simon Laplace (IPCM4), United Kingdom, was used to simulate the future conditions based on A2, B1 and A1B
SRES (Special Report on Emissions Scenarios) scenario at three time periods including 2015-2045 (2030), 2046-
2075 (2060) and 2076-2105 (2090)with a baseline of 1988-2012 (2012). For each period, the year shown in the
parenthesis was considered as target year. The SUBSTOR-Potato model, one of the sixteen models embedded
within the DSSAT (v4.5) program, was used to simulate the baseline and future yield and growth characteristics
of potato. The model was calibrated and validated during 2012 and 2013 with two different farm experiments.

In these experiments, the effects of different amounts of nitrogen fertilizer on yield and morphological traits of
three potato cultivars were investigated. Six levels of nitrogen fertilizer (0, 50, 100, 200, 300 and 400 kg urea.
ha™) and three commonly planted potato cultivars in the region (Arinda, Santeh and Agria as early, medium and
late maturity varieties, respectively) were studied as a factorial arrangement based on a randomized complete
block design with three replications. Several criteria were used to quantify the difference between simulated and
observed data. The root mean-squared error (RMSE-N (%)) was computed to measure the coincidence between
measured and simulated values, while mean deviation (RMD) was calculated to evaluate the systematic bias of
the model and model efficiency (ME) to estimate the model performance in relation to the observed mean.

Results and Discussion

The evaluation of the SUBSTOR-Potato model showed adequate accuracy for simulating tuber yield, LAI,
DTA and DTH of potato (Table 3). The results showed that the RMSE-N (%) was low for all the parameters. In
both GCMs, number of days from planting to anthesis stages of potato decreased in compare to baseline of
Fereydoon-Shahr region. Modeled values of day to anthesis in all scenarios and models (except B1 scenario in
HadCM3 model) showed a decrease over the time, with the lowest amount in 2090. Under all scenarios and
GCMs, the length of planting to harvest period will be declined in compareto baseline. Tuber yield will decline
in compare to the baseline with a reduction range from 11.21% to 27.53% for HadCM3 model and from 12.60%
to 30.58%for IPCM4 model. In HadCM3, B1 scenario in 2030 had the least difference with the baseline period
(29.15 t ha™) (Table 5), which is about 11.21% lower than the current condition. In IPCM4 model, the highest
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tuber yield was simulated under B1 scenario in 2030 (25.48 t ha™), which shows a reduction of about 12.60% in

compare to the baseline. A2 scenario in both GCMs showed the lowest tuber yield in 2090 (21.13 t ha™ for

HadCM3 and 20.24 t ha® for IPCM4), means a drop of 27.53% and 30.58% in tuber yield in compare to the

baseline. In fact, in A1B, A2 and B1 scenarios, a decline of 20.29%, 27.53% and 16.04% in tuber yield for

HadCM3 and a reduction of 20.88%, 30.58% and 17.90% for IPCM4 model was simulated, respectively.
Conclusion

The results indicated that tuber yield of common varieties of potato under all scenarios (A1B, A2 and B1) in
both GCMs and during the evaluated years will decline in compare to the baseline in Fereydoon-shahr region.
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